The aim of our project was to perform an exploratory analysis of the cerebrospinal fluid (CSF) proteomic profiles of Multiple Sclerosis (MS) patients, collected in different phases of their clinical course, in order to investigate the existence of peculiar profiles characterizing the different MS phenotypes. The study was carried out on 24 Clinically Isolated Syndrome (CIS), 16 Relapsing Remitting (RR) MS, 11 Progressive (Pr) MS patients. The CSF samples were analysed using the Matrix Assisted Laser Desorption Ionisation Time Of Flight (MALDI-TOF) mass spectrometer in linear mode geometry and in delayed extraction mode (m/z range: 1000-25000 Da). Peak lists were imported for normalization and statistical analysis. CSF data were correlated with demographic, clinical and MRI parameters. The evaluation of MALDI-TOF spectra revealed 348 peak signals with relative intensity $1% in the study range. The peak intensity of the signals corresponding to Secretogranin II and Protein 7B2 were significantly upregulated in RRMS patients compared to PrMS (p,0.05), whereas the signals of Fibrinogen and Fibrinopeptide A were significantly downregulated in CIS compared to PrMS patients (p,0.04). Additionally, the intensity of the Tymosin b4 peak was the only signal to be significantly discriminated between the CIS and RRMS patients (p = 0.013). Although with caution due to the relatively small size of the study populations, and considering that not all the findings remained significant after adjustment for multiple comparisons, in our opinion this mass spectrometry evaluation confirms that this technique may provide useful and important information to improve our understanding of the complex pathogenesis of MS.
Introduction
One of the most challenging aspects in Multiple Sclerosis (MS) research is the search for prognostic markers that can help clinicians in their decision-making plans for treatment. Currently, the common strategy is to start disease-modifying drugs (DMD) at the earliest stages of this disease in order to delay the conversion of Clinically Isolated Syndrome (CIS) into Clinically Definite MS (CDMS) [1] [2] [3] , and the shift from the relapsing course MS (RRMS) into the secondary progression MS (SPMS). Demographic and clinical variables, such as an older age at onset, male gender and high early relapse rate, together with lesion load and other MRI metrics [4] , and recent evidence of activated cellular pathways in the peripheral immune system [5] , have been ascribed as significant determinants in the rapid transition to progressive MS deterioration.
The search for cerebrospinal fluid (CSF) immunological and/or neurodegenerative biomarkers by means of proteomic profiling may provide important information about the pathogenic processes underlying the disease progression. Moreover, recent improvements in proteomic approaches by mass spectrometry represent a step forward in the direction of identifying useful predictive biomarkers. Schultzer et al. reported significant differences in several CSF proteins related to the cerebral grey matter (i.e. Nogo receptors) between CIS and relapsing CDMS [6] .
Mass spectrometry has previously been demonstrated to improve the accuracy of diagnosis in MS-related disorders such as NMO [7] , and was used to generate important data on factors that predict the conversion from CIS to CDMS in pediatric MS [8] . Moreover, Matrix Assisted Laser Desorption Ionisation Time Of Flight (MALDI-TOF) mass spectrometry appears to be a more suitable tool in the search for peptides and small proteins differentially expressed in CSF [9] . This is because MALDI-TOF allows the measurement of the intensities of endogenous peptides produced by fibrinolysis (coagulation factors) or immune response (complement fractions), or inflammation (b 2 -microglobulin) or neurosecretion (chromogranines).
To date, several results have been obtained from the CSF proteome in the .20000 Dalton range. Our purpose is to search for peptides and small proteins differentially expressed in the restricted, but very important, CSF peptidome range ,15000 Daltons in a population of patients with different MS phenotypes by using direct MALDI-TOF mass spectroscopy profiling. Data derived from this analysis could provide additional information on the pathogenic aspects of MS during the crucial steps of the disease and facilitates the detection of markers of disease progression.
Materials and Methods

Ethic Statement
The approval for the conduct of this study was obtained from the ethical committee of the ''Azienda Sanitaria Provinciale Cosenza, Italy'', and of the ''Azienda Consorziale Policlinico, University of Bari, Italy'', in agreement with the Declaration of Helsinki.
The written informed consent was obtained from all patients and controls under the protocol approved by the Institutions' review boards.
Subjects
The study population included 24 CIS, 16 RRMS, 11 Progressive (Pr) MS patients [10] [11] [12] who were followed by neurologists with a primary interest in MS at the Neurophysiopathology Unit (NPU), Department of Basic Medical Science, Neuroscience and Sense Organs, University of Bari (Italy). At the time of the lumbar puncture, 8 out of 24 CIS and 4 out of 16 RRMS were in the relapsing phase of the disease, a clinical relapse being defined as new or recurrent neurologic symptoms not associated with fever or infection, lasting at least 24 hours [13] . They all started the steroid treatments after the CSF sampling, and the minimum time lag between the lumbar puncture and any previous steroid administration was 30 days. Furthermore, none of the MS patients was under DMD therapy at that time.
CSF samples were collected in a period of time ranging from 2005 to 2012; they were treated with protease inhibitors and stored at 280uC within the subsequent 2 hours, according to a consensus protocol [14] . All MS patients were followed for at least 2 years at the NPU where they underwent clinical and MRI examinations every 6 months. Clinical (relapses and EDSS) [15] and radiological (T2 lesion load, Gd-enhancement) data were collected from the iMed database [16] .
In order to verify the pathological specificity of the significant peak signals, if any, emerged from the analysis [17] , 18 patients with other neurological diseases (OND) were included in the study; 7 patients had a primary cognitive impairment, from now on termed ''dementia'' and 11 were diagnosed with Chronic Inflammatory Demyelinating Polyneuropathy, CIDP) ( 
Sample preparation for MALDI-TOF MS profiling
The CSF protein concentration was measured using the BioRad Protein Assay (Bio-Rad Laboratories, Hercules, CA -USA) according to the manufacturer's instructions. An aliquot of each CSF sample, containing approximately 5 milligrams (mg) of protein, was subjected to a desalting/concentration step over a Zip Tip C18 (Millipore Corporation, Billerica MA -USA) using 50% acetonitrile/TFA 0.1% as elution buffer. The eluted samples were typically mixed at a 1:1 v/v ratio with a a-cyano-4-hydroxycinnamic acid (CHCA) matrix solution (5 mg/mL in 50% ACN and 0.1% TFA), and 1 milliliter (mL) of this solution was deposited onto stainless steel target surfaces and allowed to dry at room temperature. Peptide/protein profiles were analysed using a Voyager DE PRO MALDI-TOF mass spectrometer (AB Sciex, Framingham, MA -USA) equipped with a 337 nm nitrogen laser and delayed-extraction (DE) technology. Separate spectra were obtained for a restricted mass-to charge (m/z) range (1000-25000 Da) in linear mode geometry by applying an acceleration voltage of 25 kV, and the DE was maintained at 250 ns to give an appropriate time-lag focus after each laser shot. Each individual spectrum, representing ten accumulated subspectra, was obtained using 1000 laser shots. The acquired raw spectra were then processed for automated advanced baseline correction and noise filter with the Voyager Data Explorer software, version 4.1 (ABSciex, Framingham, MA -USA). Finally, the peak lists were imported for data transformation and statistical analysis. A normal reference mass list was used to compare the patient's spectra as previously published [18] . The MS spectra were also evaluated with great accuracy to reveal the presence of hemoglobin chains at 15.127+/20.5 (alpha) and 15.868+/20.5 (beta) m/z. Each sample was assayed in duplicate; intra-and inter-experimental variations for this procedure were previously tested [18] .
Statistical analysis
The influence of mass spectrometry noise signals was reduced by collecting and comparing only data signals with a relative intensity equal or superior to 1%. The peak area of each signal was normalized as a percentage of the total peak area (individual peak area/total peak area percent) [19] . All values were expressed as means +/2 SD and the statistical significance was set at p#0.05).
Kruskal-Wallis and Fisher's exact tests were applied in order to compare clinical and demographic features among the MS and OND subgroups.
Following the exploratory nature of this investigation, a hierarchical cluster analysis using Ward's method and applying squared Euclidean distance was applied in order to discriminate between the overall peptide signals and to obtain homogeneous classes (clusters) of MS subjects by smaller numbers of peak signals.
The relative peak areas of the selected signals, resulting from the previous analysis, were then analyzed among MS and OND patients by applying the Kruskal-Wallis test (among all MS groups) and the Mann-Whitney U-test (between groups), in the absence of a normal distribution of data in the analysed subgroups.
Given the exploratory nature of this investigation and in order to minimize type II errors, we decided to present the results of the single comparisons without the adjustment for multiple testing [20, 21] . However, for the completeness of the analysis some multiple hypothesis corrections were also addressed by controlling the Benjamini-Hochberg False Discovery Rate associated to each p-value [22] .
The Spearman's rank correlation test was performed using the demographic and clinical features of MS patients, and the intensity of the peak signals of interest, with the Statistical Package for Social Science software, SPSS version 18.0, Chicago, IL -USA.
Results
Clinical and demographic features of the MS and OND patients are summarized in Table 1 ; significant differences were found for age at disease onset among all the study groups (p = 0.0001), whereas both age at onset (p = 0.048) and baseline disability score (p = 0.0001) significantly differed among the MS subgroups.
The analysis of the MALDI-TOF spectra revealed 348 peak signals with relative intensity $1% in the m/z range below 15000 Da. Among the MS groups, CIS differed from RRMS patients for the intensity of 17 signals and from PrMS for 35 peak signals. The MS population significantly differed from OND for the intensity of 75 peak signals (Table S1 in Appendix S1).
Hierarchical cluster analysis (partial views in Figure 1 ) returned 3 groups of MS patients who showed 153 differentially expressed signals (p,0.05); among them we focused on peak signals already identified from previous studies published in the literature and corresponding to proteins of interest ( Table 2 , complete list in Table S2 in Appendix S1). The clusters also differed for the age at disease onset that was significantly older for patients enclosed in cluster-1 (p = 0.07 versus cluster-2, and p = 0.034 versus cluster-3). We also noted that cluster-1 was represented more frequently in the PrMS course than in the other two courses, whereas CIS subjects were more often grouped in cluster 3. However, these data did not reach statistical significance (p = 0.06) ( Table 2) .
We examined these proteins in order to identify possibly distinctive patterns within the different CIS/MS subgroups ( Figure 2, Table 3 ).
Secretogranin II (ScgII) showed a significant higher intensity in CIS and RRMS patients than in PrMS patients (p,0.007), whereas Protein 7B2 (P7B2) was found significantly higher only in RRMS versus PrMS patients (p = 0.05). Thymosin b4 (Tb4) was significantly upregulated in CIS than in RRMS patients (p = 0.013), whereas it was significantly downregulated in the whole MS population compared to the patients with dementia (p = 0.043). Finally, the peak signal corresponding to Fibrinogen (Fbg) was found significantly upregulated in PrMS compared to CIS (p = 0.005) and RRMS (p = 0.047) subjects, and the intensity of the signal related to Fibrinopeptide A (FPA) was significantly higher in PrMS compared to CIS subjects (p = 0.040) ( Table 3) . Interestingly, False Discovery Rate adjustment confirmed the significant upregulation of ScgII in CIS versus PrMS patients, and in the overall MS population versus CIDP subjects (p,0.031).
The remaining peak signals that resulted differentially expressed in the cluster analysis are still under investigation for their identification. Among them, we observed a signal at 3817.45 m/z whose intensity varied extremely especially within the CIS subjects (from 0.00 to 19% - Figure S1 in Appendix S1). This signal showed significant high intensity in the (small, only 5 patients) PPMS group (range: 0.00-10.45%), whereas it was very low in OND patients (range: 0.00-1.87%). Only in the CIS group, this signal significantly correlated with Gd-enhancement at baseline MRI (p = 0.046).
At the end of the 2-years follow-up, 19/24 CIS patients had converted to CDMS; no baseline clinical and demographic variables discriminated the subgroup of patients who had converted to CDMS but the two subgroups differed in 8 peak signals showing significant different intensities, although they did not survive the False Discovery Rate adjustment (Table S3 in Appendix S1).
Correlations between peak signals intensities and clinical features in the study population 
Discussion
To our knowledge, this is one of the very few studies that sought to identify native (not pre-treated or digested) small proteins or peptides differentially expressed in MS by using direct MALDI-TOF mass spectroscopy profiling. Our analysis, although exploratory and performed in a relatively small sample, revealed several peak signals whose intensities seemed to discriminate between the different subgroups. The overall trend showed that ScgII was upregulated in CIS and RRMS patients compared to PrMS patients, whereas the Fbg signal was downregulated in the same subgroups. Additionally, the intensity of Tb4 peak was the only significantly discriminating signal between the CIS and RRMS patients.
MS is a chronic autoimmune disease of the central nervous system in which both the inflammatory demyelination and the axonal injury contribute the phenotypes. Since it is characterized by significant heterogeneity of clinical and radiological patterns [23, 24] , the ability to identify true predictive markers has so far been elusive [25] . One possible reason for this may be because of the multi-factorial nature of MS that involves several genes and their interactions [26, 27] , as well as the intervention of environmental factors [28, 29] that leave many MS pathogenic issues still unsolved.
Proteomic analyses of different human compartments by using sensitive approaches like mass spectroscopy have generated data on the pathological features of MS, despite the limitation of being a time-consuming technique [30] . Stoop et al [31] evaluated the CSF proteomic profiles of RR/PP MS patients by MALDI-FTICR (Fourier Transform Ion Cyclotron Resonance) mass spectrometry and confirmed the role of proteins related to Vitamin D homeostasis. On the other hand, a chemical labelling approach in combination with Liquid Chromatography-Electrospray Ionization mass spectrometry revealed that the Chitinase 3-like 1 protein was associated with the conversion from CIS to CDMS [32] .
In the present investigation, for each MS subgroups we generated proteomic profiles that frequently overlap with each other, as reported by others [31] . For this reason we were not able to identify predictive markers of MS progression, for example from CIS to CDMS, although we are still working on the characterization of those peak signals that were significantly different between the two groups. However, we believe that our results may have provided further insights into the function of several proteins in MS.
In our opinion, one of the most interesting finding derived from the Granins group: ScgII and P7B2 (also known as ScgV). The potential role of these proteins in MS and other neurodegenerative diseases has been recently stated.
SgcII, identified in both neurons and glia, was found to exert cellular chemoattractive effect on monocytes, eosinophils and endothelial cells during inflammation, and it was able to influence the neurite outgrowth [33] . Mattsson et al [34, 35] showed lower SgcII levels in a mixed MS population compared to healthy controls (HC) and Alzheimer's Disease (AD) subjects, and a significant correlation between these levels and AbPP-derived peptides, suggesting that it might be involved in the cerebral neurodegeneration connected to amyloid metabolism [35] .
In our study, the ScgII peak signal intensity was higher in CIS and RRMS patients than in PrMS and CIDP patients; with interest, some of them remained significant after the adjustment for multiple testing (CIS versus PrMS). In our view, this evidence is consistent with acute inflammation and the spared neuronal regenerative abilities in the earliest MS phases whereas, as the disease progresses, the significant downregulation of the protein leads to axonal loss and cellular degeneration. In line with this hypothesis, SgcII levels were correlated with lower EDSS scores at the study entry and fewer numbers of FSs involved at the onset.
Consistent with this data was the observation that the peak intensity of P7B2 was higher in RRMS patients when compared to PrMS, although this result did not survive the adjustment for multiple comparisons. Interestingly, this neural protein has been described to decrease the folding of Ab proteins, whereas its loss appeared to induce in vitro Ab1-42 neurotoxicity, which showed a novel anti-aggregational role in neurodegenerative diseases such as Alzheimer's and Parkinson's Diseases [36] . Since the function of Ab1-42 has been evoked in MS pathogenesis without definitive results [37, 38] , it is reasonable to hypothesize that the P7B2 upregulation observed during the earliest (and potentially more inflammatory) MS courses might represent a cellular protection from the neurotoxicity of Ab proteins, and that this function is reduced during the disease progression consistent with the decreased protein signal.
Other suggestive information has been derived from the FPA and Fbg signals. Recently, the implication of Fbg and its fragments which leaked from the plasma through blood-brain barrier disruption has assumed a more complex profile during the pathogenic cascade of MS, not only for the chemoattractant action towards neutrophils, monocytes and macrophages in the inflammatory phase [39] , but also as an early trigger of microglial activation that leads to the axonal damage. Fbg appeared to be a determinant factor in the release of oxygen reactive species (ROS) in microglial cells via the protein interaction with the CD11b/ CD18 integrin receptor, a crucial step in the mechanism of axonal damage that may be inhibited by anticoagulant drugs [40] .
Fibrin deposits were also described in chronic progressive MS plaques [41] , whereas a MALDI-TOF spectrometry analysis revealed the downregulation of its signal in PPMS subjects [42] .
With caution due to the low number of subjects (and the significance of the p-values, mostly close to 0.05), we hypothesized that the upregulation of Fbg and FPA observed in our PrMS sample might be considered a marker of the progression onset. In support of this hypothesis, the intensities of both proteins significantly correlated with the baseline disability score. One possible explanation might be that these proteins gradually increase during the MS course, and when their levels reach a given threshold, they accumulate in a ''toxic'' concentration for microglia and oligodendrocytes, thus reinforcing the axonal damage. However, further studies need to be performed in order to confirm this hypothesis.
Few notes on Tb4, a protein highly expressed in oligodendrocytes and correlated with cellular growth and regeneration mainly by modulating the availability of cellular actin monomers [43, 44] . Its function remains controversial; Morris et al [45] demonstrated that the administration of Tb4 ameliorated EAE by exerting antiinflammatory properties, and clinical improvements were also observed after the same treatment in case of stroke and brain injury, in support of its role in cellular plasticity. Conversely, silencing the Tb4 gene reduced the invasiveness of the tumor cells in glioblastoma [46] .
In our study, the peak intensity of Tb4 was significantly higher and discriminated between CIS and RRMS patients and these data validated the anti-inflammatory and regenerative roles of this protein in the very early phase of the disease. However, a more focused study in a larger dataset needs to be performed in order to explain the distinctive higher level of this protein in dementia and other degenerative diseases, as was previously demonstrated by some authors from this research group [9] and confirmed in this investigation.
As often stated in the report, this study is limited by the restricted sample size especially of the PrMS subgroup, which is evident considering that some suggestive results were derived from these patients. However, we note the limited availability of samples belonging to SPMS subjects since, in clinical practice, it is more frequent that these patients are submitted to lumbar puncture before the onset of the progression.
A final note about the choice of CSF samples belonging to dementia and CIDP subjects as control group; by following international guidelines [17] , this decision was made in order to verify the pathological specificity of the significant protein signals emerged from the analysis, as additional aim of the study. In our opinion, this was also essential given the relatively low numbers of investigations in the chosen proteome range ,15000 Da.
Unfortunately the age range of these two groups (available in the tissue bank of the Neuroscience Department of the University of Bari) was older than the MS population. However we believe that this detail did not affect significantly the results of our investigation, since it was not built for this purpose, leaving the possible pathogenic explanation to further -less explorative, more confirmatory -studies (see below).
Above all, in our opinion this MALDI-TOF mass spectrometry evaluation has proven that this technique can generate important information for understanding the pathogenesis of a complex disease like MS, and with a relatively small sample size. The main results showed that, although not specific, the de-escalation of some Granins related to regeneration (and possibly of Tb4) together with the accumulation of Fibrinogen and its peptides, more consistently responsible for the axonal damage, might play a distinctive role in MS progression. Validation of this preliminary hypothesis will be performed on independent MS populations and different control groups, also supported by other concomitant strategies, e.g. a large-scale dosage of the proteins of interest, in order to better understand the role of these biomarkers in the disease evolution.
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